ABSTRACT Anti-programmed cell death-1 (PD-1) antibody therapy induces various adverse effects, especially in the endocrine system. Several cases of acute-onset insulin-dependent diabetes after anti-PD-1 antibody therapy have been reported. Many of these cases have a susceptible human leukocyte antigen (HLA) genotype for type 1 diabetes, possibly suggesting that HLA might be involved in the onset of diabetes with anti-PD-1 therapy. We describe an atypical case of hyperglycemia after anti-PD-1 antibody administration. A 68-year-old Japanese man with pancreatic diabetes and steroid diabetes was given nivolumab three times for chemoresistant adenocarcinoma of the lung. On day 5 after the third infusion of nivolumab, he had hyperglycemia (blood glucose 330 mg/dL and hemoglobin A1c 8.0%) without ketosis and with incompletely deficient insulin secretion. The patient had both type 1 diabetes susceptible (HLA-A*24:02 and -DRB1*09:01) and resistant (HLA-DRB1*15:02) HLA genotypes. These HLA genotypes differ from those previously reported in anti-PD-1 antibody-induced diabetes, and might have influenced the preservation of insulin secretion after nivolumab administration in the present case.
INTRODUCTION
The programmed death 1 (PD-1) molecule that is expressed on activated T cells binds to the tumor-expressed ligands, PD-L1 and PD-L2, resulting in downregulation of T-cell activation and promotion of tumor immune escape 1 . The anti-PD-1 antibodies, pembrolizumab and nivolumab, represent an effective treatment option for metastatic melanoma, as well as for other cancer entities 1 . In contrast, these anti-PD-1 antibodies can activate autoreactive T cells and induce immune-related adverse events 2 . Recently, there have been increasing reports of anti-PD-1 antibody-induced diabetes that is similar to type 1 diabetes. The mode of onset of type 1 diabetes (acute, slow or fulminant) is strongly influenced by human leukocyte antigen (HLA) genes [3] [4] [5] . It has been considered that the HLA genotype might be involved in the onset of diabetes with anti-PD-1 therapy, because many such cases have a susceptible HLA genotype for type 1 diabetes 6, 7 .
CASE REPORT
A 68-year-old Japanese man with a height of 166 cm and weight of 42 kg (body mass index 14.9 kg/m 2 ) who was receiving nivolumab (3 mg/kg, once every 2 weeks) for chemoresistant adenosquamous carcinoma of the lung was referred to the Department of Endocrinology and Metabolism, Toranomon, Tokyo, Japan, for hyperglycemia. Six years previously, he was diagnosed with pancreatic diabetes after a pancreaticoduodenectomy for pancreatic cancer. Three years later, lung surgery and chemotherapies were carried out for right lower lobe primary lung cancer. One year after that, lung cancer recurred in both lobes. Despite three lines of chemotherapy with carboplatin/ nab-paclitaxel, docetaxel and pemetrexed, the cancer resulted in progressive disease. During this period, hemoglobin A1c levels shifted between 5.5 and 7.0% without medication for diabetes. The diabetes mellitus was considered to be caused by a combination of partial pancreatic resection and episodic steroid administration as an antiemetic. Nivolumab was selected as the fourth line of chemotherapy for advanced lung cancer. His blood glucose levels had been normal until the second course of nivolumab. The third course of nivolumab was given 30 days after nivolumab initiation. The patient visited our hospital 10 days after the third infusion of nivolumab because hyperglycemia was noted by the general practitioner. Laboratory data showed elevated blood glucose (330 mg/dL) and hemoglobin A1c (8.0%) levels, although ketosis and ketoacidosis were not detected. The serum C-peptide level (3.16 ng/mL) indicated that the diabetic condition was not in an insulindependent state. Intensive insulin therapy was started immediately. Because the three courses of nivolumab treatment had resulted in progressive disease of the lung cancer, we decided not to apply a fourth course.
The serum amylase, lipase and elastase levels were normal, and islet autoantibodies were negative (Table 1 ). An abdominal computed tomography scan and magnetic resonance imaging showed no changes in the residual pancreas (data not shown). Urinary C-peptide excretion was decreased to 12.7 lg/day at 3 days after his admission to our hospital (day 3), and the serum C-peptide level had dropped to 0.39 ng/mL on day 15 (Figure 1 ), showing decreased insulin secretion from the residual pancreas (Figure 1 ). Total daily insulin requirement increased gradually, reaching over 50 Units/day. Amrubicin and 8 mg of dexamethasone were give as the fifth line of chemotherapies on days 21-23. At this period, the serum C-peptide and the required total daily insulin amount were transiently increased because of the administration of dexamethasone (Figure 1) . A 1 mg glucagon load test on day 41 showed a decreased C-peptide response, changing from 0.69 to 1.06 ng/mL, with a decreased delta C-peptide response of 0.37 ng/mL (Table 2) . HLA genotype analysis showed that the patient had HLA A*24:02 and DRB1*09:01, both of which are strongly associated with type 1 diabetes (Table 3) . Simultaneously, the patient had the HLA genotype DRB1*15:02, which is assumed to be protective against type 1 diabetes in the Japanese population 5 . He was discharged from our hospital and transferred to a hospice on day 47, and died from progression of the lung cancer on day 73.
DISCUSSION
The present report described a case of aggravation of pre-existing diabetes, which was considered to be an additional effect of anti-PD-1 therapy on steroid diabetes and pancreatic diabetes as a result of partial pancreatectomy for pancreatic cancer. Most of the previously reported patients who developed diabetes after anti-PD-1 therapy showed a rapid decrease in insulin secretion and a fall into a complete insulin-dependent state; this mode of onset of diabetes is similar to that of fulminant type 1 diabetes [6] [7] [8] . According to the Japan Diabetes Society, 12 out of 4,888 (0.25%) patients who had been given nivolumab C-peptide and blood glucose levels at 6 min after 1 mg glucagon given intravenously. . The clinical characteristics of the present case and of 15 previously reported cases of diabetes associated with anti-PD-1 antibody are summarized in Table 3 . Islet autoantibodies were negative in the present case. Half of the previously reported patients who developed anti-PD-1 therapy-induced diabetes likewise showed no detectable islet cell autoantibodies (Table 3) .
In contrast, the present patient did not show ketosis/ketoacidosis or complete depletion of insulin secretion, and these findings differ from those of many of the previously reported cases. The present patient required the large amount of insulin, presumably because of the enhanced insulin resistance induced by steroid administration during chemotherapy, and the extension of the tumor.
Most of the other cases reported to date had high-risk HLA genotypes, such as DR4, for type 1 diabetes. In contrast, HLA analysis showed that the present patient had HLA-DRB1*15:02, which is dominantly protective HLA for type 1 diabetes, in addition to HLA-DRB1*09:01 and -A24:02, which are susceptible genotypes in the Japanese population 4, 5 . This is the first case of hyperglycemia after anti-PD-1 therapy in a patient who has the HLA DRB1*15:02 genotype that is resistant to type 1 diabetes. The difference in the HLA genotype between the present patient and previously reported cases might be one of the reasons why the present patient did not reach complete depletion of insulin secretion. The occurrence and progression of anti-PD-1 inhibitor-induced diabetes might be influenced by multiple factors, such as background diabetic status and other underlying medical conditions, in particular, HLA genotypes. Although the relationship between anti-PD-1 antibody therapyinduced diabetes and HLA genotypes is unclear, the protective HLA (HLA-DRB1*15:02) might exert a dominant negative effect against the progression of diabetes induced by anti-PD-1 antibody therapy.
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